Salivary alpha amylase was taken into account as an important physiological indicator in psychoneuroendocrinological research focusing on stress. Two sampling devices that allow saliva collection through absorption to a cotton roll (Salivette ® -method) or to small cotton pellets (VectaSpin TM Micro [VSM]-method) were studied. Any loss of salivary alpha-amylase (sAA) activity in relation to the saliva volume absorbed and harvested by centrifugation was examined. A pooled saliva sample prepared from stimulated whole saliva (collected by drooling) of 30 subjects was used. Three different saliva volumes (2.9 ml, 1.5 ml, and 0.8 ml) were tested on cotton rolls and two (0.03 ml, and 0.015 ml) on cotton pellets. The sample sAA activity was determined from the hydrolysis of 2-chloro-4-nitrophenyl-α-D-maltotrioside. In comparison with the original drooling sample, no sAA loss was observed in 1.5 ml samples tested with Salivette, while a significant decrease of activity was recorded with smaller volumes. VSM collected samples showed a non-volume dependent decrease of sAA activity of about 25%. Salivette requires large saliva volumes to allow an accurate sAA estimation. With cases of limited saliva access, VSM may be a suitable sampling device.
Introduction
Saliva is of great clinical significance as a diagnostic fluid and analysis of its components may provide information on local or systemic diseases and disorders [1] [2] [3] [4] [5] . Sampling saliva is clinically more advantageous compared to other body fluids since it is performed with noninvasive techniques without the stressful exposure to needles [6] [7] [8] [9] . Whole saliva can be sampled by either the draining method, the spitting method, the suction method, or the absorbent (swab) method [10] .
A device under the brand name Salivette ® (Sarstedt, Numbrecht, Germany) is frequently employed for whole saliva collection by the absorbent method [11] . The components of the devise are a cotton roll, and a plastic centrifuge tube with an inner cylindrical strainer (Figure 1) . The cotton roll is placed in the mouth for up to 5 min to absorb saliva till the roll becomes well soaked (about 3 ml saliva). The saliva is then harvested by centrifuging the roll in the tube with the strainer.
Salivette ® may be difficult or less suitable to use under certain circumstances. Soaking the cotton roll with saliva requires time and the presence of a certain saliva volume in the mouth. To enable saliva collection, many researchers ask the subjects to chew the cotton roll; however, this is unsuitable when unstimulated saliva has to be collected. Occasionally, young children may find the chewing procedure cumbersome and refuse to co-operate. Repeated short interval-sampling may suffer by a limited amount of saliva absorbed to the roll, which could affect the composition of the final sample. Indeed, an error variance in the measurement of cortisol, testosterone, DHEA, estradiol, progesterone, and salivary α-amylase (sAA), has been reported, particularly with low sample volumes [12] [13] [14] . The concentration of sAA in saliva is considered as an indicator of the sympathetic adrenal medullar system activation due to stress [15] [16] [17] . Saliva for sAA assessment has been sampled with Salivette ® or by the passive drooling technique. However, these techniques may not be feasible when small sample volumes are to be expected, as mentioned above. To overcome this problem, we tried a micro-method that allows sampling of small saliva quantities, using the centrifugation device VectaSpin TM Micro (Whatman, Middlesex, UK) and small cotton pellets for rapid absorption of saliva from the mouth (Figure 1) . The suitability of the two absorbent methods for sampling saliva for sAA assessment was evaluated in this study. In particular, any loss of sAA activity in relation to the saliva volume absorbed was examined.
Methods

Saliva Sample
A pooled whole saliva sample from 30 adults was used throughout the experiment [18] . The subjects were asked to refrain from drinking, eating any food [19] physically exercising [20] and from smoking [21] two hours prior to sampling. They rinsed their mouths once with tap water and started collecting unstimulated saliva, by passive drooling, 15 min later. The saliva was allowed to drip off the lower lip into a graduated test tube fitted with a funnel as described [10, 14] for 15 -20 min.
From each subject, a saliva sample of approximately 5 ml was collected. The samples were centrifuged (10,000 x g, 5 min) to remove particles and kept at -80˚C [17] . On the day of the experiment, the samples were thawed and mixed together to obtain the required volume of pooled saliva.
Experimental Design
Saliva from the pooled sample was pipetted to cotton rolls of Salivette ® and to cotton pellets used with VectaSpin TM Micro (VSM). Three different amounts (2.9 ml, 1.5 ml, and 0.8 ml) of saliva were tested on cotton rolls (15 rolls with each volume) and two amounts (0.03 ml, and 0.015 ml) on cotton pellets (150 pellets with each volume).
Each Salivette cotton roll was placed in the strainer of the centrifuge tube and saliva was carefully pipetted on the top of the roll till the determined volume was applied. At its maximum, a cotton roll can absorb about 3 ml. The saliva was harvested from the roll to the bottom of the tube by centrifugation (x g, 20 min).
Each cotton pellet (Roeko etching pellets, medium size,  3 mm, ref 230 002) used in the VSM method can maximally absorb 0.03 ml. A volume of ≥0.05 ml final sample was required for each measurement. To obtain this volume, 5 cotton pellets were placed in the strainer and the corresponding amount of saliva (5 × 0.03 ml or 5 × 0.015 ml) was applied on them. After centrifugation (10,000 x g, 5 min), the saliva was harvested in the bottom of the tube.
From the pooled saliva, 15 aliquots of 0.01 ml each were aspirated and analyzed for comparative purpose. These samples are referred in the text as the drooling samples. The experiment was accomplished on two occasions, with one third of the samples of each method being examined on the first occasion and the rest of them on the second occasion, 3 weeks later. All saliva samples were kept at 6˚C until analyzed for sAA activity (within 2 h). Immediately before the analysis, each sample was diluted 200 times with distilled water.
Measurement of sAA Activity
The activity of sAA (in U/ml sample) was determined from the hydrolysis of the chromogenic substrate 2-chloro-4-nitrophenyl-α-D-maltotrioside [22] . A volume of 0.6 ml freshly prepared substrate solution (5 mM 2-chloro-4-nitrophenyl-α-D-maltotrioside in reaction buffer) was mixed with 0.05 ml diluted sample in a cuvette. The hydrolysis of the substrate was spectrophotometrically fol-lowed at 405 nm, through the production of the coloured compound 2-chloro-p-nitrophenol. The reaction buffer contained 0.03% bovine albumin, 0.06% CaCl 2 , 0.48% KSCN, and 0.03% NaN 3 in 50 mM 2-(N-morpholino) ethanesulfonic acid [23] . The pH of the buffer was adjusted to 6.0 with 5 M KOH solution, since, in a preliminary experiment, the sAA activity was found to be higher at pH 6.0 than at pH 7.0.
One U/ml of sAA was defined as the amount of enzyme that hydrolyzes 1 μmol substrate per min [24] . The molar absorptivity of 2-chloro-p-nitrophenol was found to be 14,6 l/mol·cm, measured with solutions of pure 2-chloro-p-nitrophenol (concentration range 0.0025 -0.5 mM) under the present experimental conditions. Purified α-amylase type XIII (product No. A1031) was used as the positive control. All experiments were done at room temperature. The chemicals were purchased from SigmaAldrich Chemie Gmbh, Switzerland.
Statistical Analysis
Based on the results from a pilot study with 6 samples in each group, a power analysis showed that with a = 0.05 and N = 90 (equal size groups), the null hypothesis of the equality of means under a one-way anova model would be rejected with 99% probability. Accordingly, the sizes of the samples for Salivette, VSM, and drooling methods were determined to be 15, 30, and 15, respectively.
The assumptions of normality and equality of variances where verified by the Sapiro-Wilk and Levene's Test, respectively. The statistics Min, Max, Mean, SD, and 95% CI were used to describe the outcome variable. The main hypothesis of equality of means was evaluated by the one-way Anova model, while pair wise comparisons were conducted by the Tukey's HSD method. The overall analysis was performed with SPSS 15.0 software and the level of statistical significance was set at p < 0.05.
Results
The descriptive statistics for the sAA activity of the samples obtained by the three methods are presented in Table 1. The hypothesis concerning the equality of means of the 6 groups were rejected (F(5,114) = 7.094, p < 0.001, one way ANOVA). The results of the pair wise comparisons with Tukey's HSD test are shown in Figure  2 . The statistically significant differences in sAA activity are indicated in the same figure. No significant differences were observed between the groups: a) Salivette 2.9 ml and 1.5 ml (p = 0. 582), b) Salivette 2.9 ml and drooling (p = 0. 979), c) Salivette 1.5 ml and VSM 0.03 ml (p = 0.2), d) Salivette 1.5 ml and VSM 0.015 ml (p = 0. 360), e) Salivette 1.5 ml and drooling (p = 0. 942), f) Salivette 0.8 ml and VSM 0.03 ml (p = 0. 943), g) Salivette 0.8 ml and VSM 0.015 ml (p = 0.818), and h) VSM 0.03 ml and 0.015 ml (p = 0.998). The difference between Salivette 1.5 ml and 0.8 ml was marginally nonsignificant (p = 0.067).
Discussion
It is evident from the present results that the saliva volume absorbed by the cotton roll may influence the sAA concentration detected in the final sample. To prevent significant loss of sAA, the cotton roll of Salivette has to be soaked with approximately ≥1.5 ml saliva, which equals to about ≥50% of the volume that the roll can maximally absorb. Decreasing the saliva volume to 0.8 ml/roll resulted in a statistically lower sAA activity in comparison with the other two volumes tested, i.e. 2.9 and 1.5 ml, in the Salivette group as well as the sample collected by drooling. Salivette has been used for sampling saliva in previous studies evaluating stress through sAA activity [11, 17] . These authors provided no information for the possible effect of a partially soaked cotton roll on the estimation of sAA activity, probably, because they did not face the limitation of a small sample volume. Under certain circumstances, it may be difficult to obtain the saliva amount needed for saturation of the roll. Young children may not be capable or even refuge to provide the required volume. Occasionally, the size of the roll may be disproportional to the small mouth of the child, or the procedure itself may seem unbearable or stressful for a subject who must accept the cotton roll in the mouth for several minutes. Furthermore, repeated sampling with short intervals, e.g. <1 min, is unfeasible, since the flow rate of stimulated saliva is usually <1.5 ml/min.
The micromethod VSM helps to overcome these disadvantages and it is in fact a modification of the Salivette method. The voluminous cotton roll was replaced by small cotton pellets and the VectaSpin TM centrifugation devise was used to harvest the sample. VSM allows a more rapid collection, about 2 -3 seconds per pellet, the procedure being more comfortable for the subject and demanding a minimum of cooperation. Five saliva-soaked pellets provide a sufficient sample volume for sAA analysis.
The sAA activity detected in VSM-collected samples was significantly lower than in the corresponding samples collected by drooling or by Salivette-cotton roll soaked with ≥1.5 ml. Compared to the drooling sample, a 25% and 23% mean loss of sAA activity were found for the volumes 0.03 and 0.015 ml, respectively. The corresponding mean values for the Salivette-collected samples of 0.8 and 1.5 ml were 33% and 7%, respectively. Interestingly, a higher variation was recorded in sAA activity among the Salivette 0.8 ml samples (Coefficient of variation 44%) than among the VSM samples of 0.03 or 0.015 ml (Coefficient of variation 35% and 24%, respectively).
Although not proved, the loss of sAA activity is probably due to a partial absorption of the enzyme by the plastic surfaces of the devise and by the cotton. The extent of protein absorption to a surface is influenced by the chemical composition of the protein-containing solution and the physicochemical properties of the surface. The protein composition of saliva varies depending on the serous or mucous character of the secretory gland. It may also vary among different subjects. A high salivary content of proteins competing with sAA absorption prevents extensive loss of sAA and vice versa. To avoid confounding results due to the intra-subject variation, a pooled saliva sample collected from several subjects, was used throughout this study. Under these conditions, the rich protein supply provided by saliva volumes of ≥1.5 ml, seems to sufficiently prevent sAA loss, probably by blocking the protein binding sites in the cotton roll and tube walls of Salivette. On the contrary, the protein content in the 100 times smaller saliva volume obtained by the VSM method, appears inadequate to inhibit sAA absorption to the devise surfaces. The same phenomenon probably occurs with the 0.8 ml volume in Salivette.
The saliva obtained after centrifugation with Salivette or VSM is less turbid and viscous than the initial fluid. This indicates that the cotton roll and pellets retained particles, such as microbes, epithelial cells, and food debris, that confer turbidity and also macromolecules, such as mucins that are mainly responsible for the high viscosity of saliva. Removal of particles was also achieved by the initial centrifugation step, performed before pooling the individual saliva samples together. The clarified and less viscous saliva obtained by centrifugation and filtration may, occasionally, be advantageous for the following handling and analysis steps. However, these procedures may also affect the compound under test. Removal of microbes also removes sAA bound to the cell surface of certain oral bacterial species [25] . On the other hand, the cotton roll of Salivette seems to retain most of salivary mucins but not sAA when adequately soaked with saliva.
To conclude, the use of Salivette for collecting saliva samples yields no loss in sAA activity, provided that the sample volume is ≥1.5 ml. When the available saliva volume is small (<1 ml), Salivette cannot be used, however, the micromethod VSM described above may provide a good estimation of sAA activity, the loss being about 20% in the volume range 0.03 -0.015 ml. Since sAA is a potential indicator of autonomic response to stress a reliable sampling method is required. These findings together with the above outlined advantages make the micromethod a suitable choice that may enable saliva sampling under certain circumstances.
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